Oxalyl-tethered pyrroles can be doubly bridged with two difluoroboron chelating units to yield bright orange dyes. Interestingly, in polar organic solvents, the addition of fluoride and cyanide result in reversible detachment of the otherwise stable difluoroboron bridges, resulting in sharp changes in color. Thus, this novel compound behaves as a highly selective chromogenic sensor for fluoride and cyanide ions.
Within the past decade or so, Boron-dipyrrin (a.k.a., BODIPY, BDP, boradiazaindacene) dyes are experiemcing a bona fide renaissance after a two decade hiatus.
1 This renewed interest is fueled by both new methodologies in derivatization and potential applications of these derivatives in ion sensing and signaling, 2 energy transfer and light harvesting, 3 photodynamic therapy, 4 dye-sensitized solar cells, 5 and nonlinear optical properties, 6 to name just a few. Once, just a class of fluorescent dyes limited by the repertoire of a single commercial supplier, 7 Boron-dipyrrins are now being compared to porphyrins in diversity, scope, and function. The parent dye has been modified in many ways, including somewhat expanded versions, with pyridines instead of pyrroles being reported. 1a The central six-membered ring, however, was not altered in any of these constructs. As a part of our ongoing efforts to diversify boron-dipyrrin applications and find novel tactics of derivatization, we wanted to explore the effect of expanding the central chelate ring on absorption and fluorescence characteristics, in addition to potential signaling opportunities. (1) (a) Loudet, A.; Burgess, K. Chem. Rev. 2007, 107, 4891-4932. (b) Ulrich, G.; Ziessel, R.; Harriman, A. Angew. Chem., Int. Ed. 2008 , 47, 1184 -1201 One promising path to an expanded central ring of the Boron-dipyrrin dyes was to tether two pyrroles with oxalyl chloride. To minimize any side reactions, we chose to start with a pyrrole with blocked reactive positions, i.e., 2,4-dimethyl-3-ethylpyrrole. The reaction with oxalyl chloride proceeded smoothly, and without isolating the intermediate, we added a BF 3 -etherate complex (Figure 1) .
Following the usual workup, the major product turned out to be a nonfluorescent, bright red-orange product. While proton and carbon NMR spectra did not produce conclusive results, high resolution mass spectrometry (Supporting Information (SI)) and finally X-ray crystallography provided definitive information about the structure. The product was indeed an expanded core Borondipyrrin dye (Figure 2 ).
Single crystals suitable for X-ray structure analysis were obtained by the slow evaporation of CH 2 Cl 2 solutions at ambient temperature. The structure has some interesting features (SI): both boron bridges display distorted tetrahedral geometry, with somewhat unequal BÀF bond lengths and an OÀBÀO bond angle of 103.4°. The molecule is not planar, with an approximate torsion angle of 25.3°for B 1 ÀN 2 ÀC 11 ÀC 10 . Thus, the expansion in the Bodipy ring tilts the BF 2 bridging two pyrrols above the plane defined by the rest of the molecule.
11
B NMR is also highly informative; two distinct boron nuclei at δ 1.68 ppm (internal reference BF 3 ÀEt 2 O) and 6.30 ppm are clearly identifiable. While one of the boron centers resonates as a triplet at 1.68 ppm, a broad peak at 6.30 ppm is observed for the other boron nucleus In comparison to a fairly typical Bodipy dye (compound 2), the peak which appears as a triplet can be assigned to the boron nucleus connected to the two pyrrole nitrogens (Figure 3) . BÀF coupling constants for the expanded Bodipy 1 and the model compound 2 are very similar (32.6 and 33.4 Hz, respectively).
19
F NMR is also supportive of the 11 B NMR peak assignment (SI). The 19 F NMR spectrum recorded for the target compound 1 displays two sets of nonequivalent fluorine atoms, one of which is a standard quartet signal (at À132.5 ppm) that is also observed in the reference compound 2. The other one is a singlet at À151.8 ppm, suggesting the presence of an oxygen atom adjacent to the boron bridge.
10c The other less intense singlet at À151.7 ppm is due to the less abundant NMR active 10 B isotope (20%). The isotope effect is also apparent for the fluoride atoms resonating as a quartet signal (at À132.5 ppm). However, the septet originating from the 10 B (I = 3) isotope coupling is obscured under the quartet peak.
In hopes of creating a signal for the interaction of anions with the dye, we wanted to systematically study the spectral behavior of the solutions of 1 in the presence of selected anions. We suspected that one or both of the BF 2 bridges might be reversibly disconnected concomitantly to a distinct spectral signature.
Rapid assesment of fluoride ion concentration in drinking water, consumer products, or the environment is important, considering th many detrimental health effects at elevated fluoride concentrations. 9 This challenge has been addressed using many strategies, 10 and colorimetric reagents are viable candidates for such analytic evaluations.
To explore the ion response of the expanded Bodipy compound 1, a careful analysis of anion promoted changes was carried out.
Thus, we added various anions in the form of TBA (tetrabutylammonium) salts into dilute chloroform solutions of 1. CN À ions also showed spectral changes, but the most obvious change was obtained with fluoride anions (Figure 4) . The solution immediately turned purple on the addition of fluoride. Fluoride seems to be unique in generating such an intense spectral peak in the long wavelength region of the spectrum (at 600 nm). CN À ions resulted in a less red-shifted peak near 520 nm.
Titration with varying concentrations of F À ions in the form of tetrabutylammonium salt in chloroform ( Figure 5 ) clearly shows a progressive decrease of the broad band with a peak at 465 nm. At the same time another set of peaks at longer wavelengths (565 and 600 nm) appears.
A clean isosbestic point suggests a conversion between two distinct forms. The conversion is fast and reversible; the addition of BF 3 ÀEt 2 O in chloroform reverses the process, and the spectral features of compound 1 are restored. On closer inspection, we found out that excess F À ion addition gradually resulted a similar absorption peak around 520 nm while the longer wavelength peak disappears. Additional NMR and mass spectometric analysis suggest that, at lower concentrations of F À ion, initially, the BF 2 unit bridging two pyrroles is detached. Higher concentrations result in the removal of the second BF 2 unit in the form of BF 4 À . Cyanide ions on the other hand do not discriminate between the two bridges; both linkages are attacked with comparable rates resulting in a red solution (520 nm). The same aborption peak and color form only with excess fluoride ions. Thus, both NMR spectra and absorption spectroscopy demonstrate that the differential reactivities of CN À and F À with two different boron centers is the reason for different absorbance signals.
Reference compound 2, a model Bodipy dye, showed no change in the 11 B NMR spectrum upon addition of 100 equiv of fluoride anions (Figure 6 ). Being a part of the sixmembered ring makes the sp 3 hybridized boron center less prone to nucleophilic displacement. It is unlikely for a fluoride anion to disrupt the ring through complexation with the central boron atom.
However, an expanded ring size (seven-membered ring) distorts the perfect tetrahedral structure of the boron bridge, making it more labile to fluoride attack. As a result, the gradual addition of fluoride ions lead to the decrease in the intensity of the 6.3 ppm peak in 11 B NMR, with a concomitant increase of two new singlet peaks at approximately 3.1 and À1.0 ppm. Moreover, the triplet at 1.7 ppm is transformed into a quartet with the new chemical shift at about 0.8 ppm which can be assigned to a partially coordinated BF 3 unit as shown in Figure 6 (SI).
The singlet peak at À1.0 ppm proves the formation of free BF 4 À anions in the solution.
11
B NMR of the reference compound tetrabutylammonium tetrafluoroborate confirms that the 11 B nucleus in the tetrafluoroborate anion resonates at À1.0 ppm without any splitting (SI).
The broad singlet at 3.1 ppm indicates the existence of the boron atom that is covalently attached to one of the oxygens in the molecule. Conversion of the triplet signal (at 1.7 ppm) to the corresponding quartet indicates the three neighboring fluorine nuclei splitting the boron peak into a quartet (at 0.8 ppm). Clear observation of the coupling constants suggests the existence of a covalent bond between boron and one of the pyrrole nitrogens.
Considering the need for simple colorimetric reagents for anion sensing, the novel expanded Bodipy dye described here is highly promising. The color changes are vivid, clearly distinguishing fluoride and cyanide ions in the presence of competing ions. Embedded to the polymeric matrix, this compound or a derivative is likely to find applications as anion sensors. In addition, further substitution on the Bodipy core is likely to broaden the palette of colors available in anion sensing. Our work in that direction is in progress.
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